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Abstract: This study examined the effect of virtual social facilitation and competitiveness 
on exercise effort in exergaming older adults. Fourteen exergaming older adults participated. 
Competitiveness was assessed prior to the start of exercise. Participants were trained to ride 
a “cybercycle;” a virtual reality-enhanced stationary bike with interactive competition. After 
establishing a cybercycling baseline, competitive avatars were introduced. Pedaling effort 
(watts) was assessed. Repeated measures ANOVA revealed a significant group (high vs low 
competitiveness) × time (pre- to post-avatar) interaction (F[1,12] = 13.1, P = 0.003). Virtual social 
facilitation increased exercise effort among more competitive exercisers. Exercise   programs 
that match competitiveness may maximize exercise effort.
Keywords: exercise, aging, virtual reality, competitiveness, social facilitation, exercise 
intensity
Introduction
A growing literature has demonstrated that exercise boosts not only physical, but 
also cognitive and psychological health in older adults.1–3 However, participation in 
  exercise among older adults is particularly poor. According to the 2007 National Health 
Interview Survey from the Centers for Disease Control and Prevention (CDC) Healthy 
People 2010 Database, only 14% of adults 65–74 years old and 7% over 75 years of 
age reported regular exercise (www.cdc.gov/nchs/healthy_people.htm). With recent 
revisions to the American College of Sports Medicine (ACSM) standards which are 
even more stringent,4 these figures are likely to be overestimates of current rates of 
exercise. Research has shown that despite pleasure derived from even simple exercise 
such as walking,5 a variety of barriers impede older adult participation;6,7 ranging from 
low self-efficacy to inclement weather, to a lack of motivation. Thus, alternative and 
novel forms of exercise are being explored for their potential to increase physical 
activity. Virtual reality-enhanced exercise, or “exergames” are on the rise in the 
marketplace and in academic research.8–10 Although evidence has begun to show that 
exergaming can increase exercise participation and mood,10,11 little is known about 
the role of specific aspects of the virtual environment in facilitating exercise effort. 
This study examines the role of social facilitation when avatars are introduced, and the 
potential moderating effect of participants’ competitiveness.
Theories of social facilitation and social comparison have long since been used 
to explain changes in exercise behavior when in the presence of others.12,13 Social 





in the presence of others. Research suggests that social 
presence causes individuals to evaluate and adjust their 
exercise performance in response to the individuals within 
their social environment, and that this change can result 
from making personal comparisons between their own 
abilities and the abilities of those around them.14 The social 
presence of another individual when completing an exercise 
task is believed to sharpen one’s competitive instincts.15 The 
generalized drive hypothesis provides evidence to suggest 
that social facilitation increases one’s innate internal drive 
and activation level, which are found to be elevated in 
competitive environments.16 Studies have shown that exercise 
performance improves when in a competitive setting,17,18 and 
that these changes may be due to a variety of mechanisms 
including: increased levels of arousal,19 adrenocortical 
activity,20 and mood.11,21 However, a meta-analysis of over 
200 studies concluded that social presence typically led only 
to small effects.22
We hypothesize that a variety of factors could moderate 
the effect of social facilitation and, if not taken into 
consideration, the effect could appear dampened. While 
competitive environments may generally elicit changes 
in exercise behavior, the level of a personality trait like 
competitiveness, could interact with and thus moderate 
this effect.23 Indeed, social value orientations, such as 
prosocial, individualistic, and competitive, are largely 
predictive of behavioral tendencies on task performance, 
and influence one’s intrinsic and extrinsic motivations 
related to exercise.24 Competitive environments can result 
in decreased levels of intrinsic motivation, suggesting that 
factors, such as competition, may outweigh enjoyment of 
exercise tasks for certain individuals.25 It has recently been 
reported that exergaming, where competition is a key feature, 
can affect intrinsic motivation.26 Changes in behavior may 
also be influenced by the Kohler effect, which suggests that 
the presence of a superior (eg, stronger, faster) competitor 
will cause increased effort.27 Exergames which integrate 
competitive avatars, provide an ideal environment for 
evaluating our hypotheses since the presence of competitors 
can be manipulated, while keeping other features consistent 
(eg, virtual esthetic environment, course difficulty).
The integration of videogames into exercise equipment 
produces visually stimulating exercise experiences and has 
resulted in greater improvements in self-efficacy and mood, 
as well as promoting adherence to exercise behaviors and 
improved health.28–31 Some studies have illustrated the 
importance of a competitive element in the successful inte-
gration of videogames into the exercise experience, which 
in many cases is represented by a virtual competitor, or 
avatar, which can be perceived as a social presence.32,33 The 
nature of an avatar has been found to elicit varied emotional 
responses in participants; videogame players experienced 
greater engagement and threat when an avatar represents 
a human-operator as contrasted with a computer-operated 
opponent.33
The current study aimed to assess the effects of social 
presence on exercise behavior, focusing on the role of virtual 
social facilitation. Competitiveness was examined for its 
impact on the amount of effort expended while completing 
an exergaming task in the presence of a virtual competitor. 
This research aimed to improve upon previous literature 
that has evaluated the effects of virtual social facilitation 
and competition on video game behaviors by evaluating the 
impact during an exergame.
Method
Participants
Fourteen independent living older adults ranging in age 
from 60 to 99 participated (Table 1); all were Caucasian, 
consistent with the composition of the regional population. 
These older adults were from eight retirement communities, 
and were participating in a larger randomized controlled trial 
(www.clinicaltrials.govidentifier:NCT01167400) examining 








Mean SD Mean SD
Baseline characteristics
  Age (years) 80.7 (12.3) 75.6 (13.5) 0.48
  education (years) 13.9 (2.5) 12.7 (1.0) 0.29
  Women (n) 7 6
  Competitiveness 4.4 (3.2) 11.5 (2.6) 0.001
  Weight (kg) 68.9 (8.6) 70.1 (10.7) 0.83
  BMI 25.7 (2.3) 27.0 (2.8) 0.36
  Hr 57.1 (5.4) 60.3 (5.0) 0.29
  BP (systolic) 126.3 (24.9) 132.3 (13.8) 0.61
  BP (diastolic) 71.0 (15.1) 71.0 (9.4) 1.00
  Fat tissue % 40.4 (4.2) 44.5 (4.3) 0.10
  Fat mass (kg) 26.8 (3.8) 30.5 (7.2) 0.26
  Lean mass (kg) 39.7 (6.1) 37.4 (4.0) 0.44
  Abdominal fat % 42.3 (9.1) 47.2 (8.2) 0.33
exercise effort
  Pre-competition (watts) 16.3 (9.6) 25.5 (11.4) 0.12
  With competition (watts) 16.9 (9.2) 30.2 (11.1) 0.03
  Change (watts) 0.6 (1.1) 4.7 (2.9) 0.003
  Change (% watts) 6.0 (9.0) 20.9 (13.2) 0.03




social facilitation and competitiveness in exergaming
the cognitive benefits of exergaming 2–5 times per week 
for 3 months compared with traditional stationary cycling. 
  Volunteers (unpaid) for the RCT were screened (n = 198), 
102 received medical clearance and provided signed informed 
consent, 79 completed pre-evaluations and started training, 
63 completed the study, only participants in the first year 
of the study (n = 31) were eligible for this pilot analysis 
due to a change in bike equipment in the second year that 
precluded these analyses and of these, only those assigned 
to the cybercycle condition were appropriate (n = 14).34 
Baseline measures included: weight (kg) and height (cm) 
to compute Body Mass Index (BMI), total and abdominal 
body composition (fat mass, lean mass) using the iDXA (GE 
Lunar, Inc), and heart rate and blood presssure data were 
collected by a registered nurse (Table 1).
Measures
Participants’ self-reported tendency toward competitiveness 
was measured using the Competitiveness Index which has 
been shown to have good reliability (alpha = 0.90) and 
validity.35 Twenty different statements are presented on this 
scale and participants indicate whether each statement is more 
or less true or false for them. The total score can range from 
zero to 20, with higher scores indicating greater competitive-
ness. The scores in this sample ranged 1–16; using a median 
split procedure (low , 9 and high  9), six participants 
were classified as highly competitive (average = 11.5), while 
eight were less competitive (average = 4.4). The median split 
mark was also comparable with normative data (mean for 
women = 9.5).35
Exercise effort (watts) was captured in 10-second inter-
vals by cybercycle sensors and recorded on the internal 
computer, averaged across sessions, and then averaged 
across the evaluation period. These data were downloaded 
and average pedaling intensity (watts) was computed over a 
1-month period before and after the introduction of on-screen 
riding competitors (at the end of the second and third months 
of the larger trial).
Procedures
All participants were participating in a larger randomized 
controlled trial, The Cybercycle Study,36 which was approved 
by the Institutional Review Boards at Union and Skidmore 
Colleges. The participants in this study had been randomly 
assigned to the cybercycle condition and met the minimum 
ride frequency threshold for inclusion in analyses (average 
2–3 rides per week for 3 months or 25 total allowing for 
brief periods of illness, vacation, equipment malfunction; 
only two of 79 randomized participants had to be excluded 
for not meeting this minimum threshold). During the first 
month of familiarization, these previously sedentary older 
adult participants were trained to ride the stationary bike in 
biofeedback mode only (no virtual reality display) and were 
to attend to their heart rate, aiming for 60% of their computed 
ideal heart rate reserve range. The cybercycle comprised an 
easy to use recumbent “step-through” ergometer (Tunturi 
e60R), interfaced with Netathalon riding software (v 2.0) 
via a sensor kit, on an Acer laptop. In the second month, 
participants in the experimental condition were introduced 
to the virtual reality features (eg, virtual terrain such as a 
mountain, desert, or small town landscapes). In the third 
month, on-screen riders were introduced and participants 
were trained to try to outpace the avatars.
Data analysis
All analyses were conducted in SPSS for Windows (v 16.0.01; 
SPSS Inc, Chicago, IL). Repeated measures ANOVA was 
used to test the hypothesis that competitiveness would 
moderate any effect of social facilitation on exercise effort. 
Exercise effort (pedaling intensity measured in watts) was 
the dependent variable and measured over time (1 month pre/
post-introduction of competitive avatars). Competitiveness 
was the independent variable with high and low groups 
  created by median split.
Results
Competitiveness as a moderator  
of social facilitation effect
The two groups were comparable on demographics and 
physiological fitness measures taken at pretest (Table 1); 
there were no significant changes in physiological measures. 
Assumptions of normality were met for repeated measures 
ANOVA which revealed a significant group (high vs low 
competitiveness) × time (pre- to post-competitors) interaction 
F(1,12) = 13.1, P = 0.003. Given the imbalance in sex 
  representation, analyses were also conducted after dropping 
the single male from the sample and the interaction effect 
was found to be almost identical: F(1,11) = 13.0, P = 0.004. 
Results showed that for more competitive older adults, the 
introduction of on-screen competitors led to an increase in 
riding intensity more so than for less competitive, older adults 
(20% and 6% increases, respectively; Table 1).
Discussion
Previous research has shown that older adults have poor 





of exercise in general, but novel, virtual reality-enhanced, 
exercise has been shown to increase participation.9 The 
effect on exercise behaviors of various factors within the 
virtual environment (such as the presence of a competitive 
avatar) and within the person (such as competitiveness) is 
still unclear, however. The aim of this study was to evaluate 
the effect of virtual social facilitation on exercise behavior in 
older adults using a virtual reality-enhanced stationary bike 
or “cybercycle”. We were also interested in whether greater 
competitiveness could moderate the influence of social 
facilitation on the degree of exercise effort. Results showed 
that for more competitive compared with less competitive 
older adults, the presence of competitive avatars significantly 
increased pedaling intensity exhibited during cybercycling. 
The observation that social presence in a competitive setting 
resulted in behavioral change is consistent with previously 
conducted research.12,15,17 Additionally, our findings are con-
sistent with research that has suggested that social facilitation 
interacts with an exerciser’s competitive orientation such that 
it can enhance or detract from exercise goals, depending on 
the desired outcomes.24 These findings also fit with results of 
a recent study which examined the Köhler motivation gain 
effect resulting from a virtually-presented partner. Using 
an isometric plank exergame it was found that participants 
performed significantly better than in a solo control condi-
tion in all variants with a superior virtual partner (ie, whether 
coacting, additive, or conjunctive).37 This suggests that 
working out with a superior virtual partner can be effective 
for enhancing exercise performance. Future research could 
examine the role of the Köhler effect by manipulating the 
confederate to be a known superior competitor over repeated 
trials, perhaps while also manipulating social facilitation by 
controlling an avatar’s presence on the screen or “behind the 
scenes”. To our knowledge, this is the first report to   examine 
the moderating role of competitiveness in virtual social 
facilitation among older adults.
In contrast to our findings, it has also been shown that 
exercising in the presence of others can have a detrimental 
impact on the mood or psychological state of individuals who 
do not have a dominant competitive personality trait, even 
leading to decreased adherence with exercise.38,39 However, 
in this study, participants who were lower on competitiveness 
maintained their initial level of exercise effort, and thus effort 
did not appear to be adversely affected by the introduction 
of on-screen competitors. This may indicate that for less 
competitive individuals, the virtual reality-enhanced 
environment may be flexibly perceived, allowing one to 
choose to cognitively discount or reinterpret the social 
presence of an avatar since it is not the equal of a real-life 
competitor. Future research could explore these nuances; 
perhaps focusing on both the participant’s perception of the 
avatar (eg, by way of manipulating nonverbal cues),40 as well 
as their own sense of presence in the virtual world which has 
been found to be salient in avatar-based exergames.41
A strength of this study is the utilization of an   exercise 
bike with engaging virtual features, a comfortable recumbent 
seat, safe indoor location, and easy access step-through 
design, all of which overcome many barriers typically 
asserted by sedentary older adults.6,7 As such, it may make 
it easier for participants to reverse negative thinking about 
exercise.42 Other important strengths of this study are that 
it extends prior research on social facilitation to the older 
adult population, which is often underserved, and applies 
traditional exercise theory to a novel exergaming modality. 
The implications of this study are that older adults may 
benefit from virtual reality-enhanced exercise, and greater 
exercise effort might be derived by matching the type 
of exergame experience (eg, competitive or not) to the 
individual’s personality. Given the vast majority of older 
adults who are not exercising at recommended levels, it 
would be exciting if exergames could be implemented in 
senior facilities and carefully prescribed so that more might 
reap the physical, cognitive, and psychological benefits of 
engaging exercise in later life.
These results should be interpreted cautiously due to 
several limitations. First, our data were collected from 
a small sample of participants who were independent 
  living Caucasian older adults in relatively good health, 
and of moderately high socioeconomic status; results need 
replication and generalizability may be limited. Second, our 
sample was disproportionally women, thus making it difficult 
to draw accurate conclusions about the moderating effects of 
social facilitation and competition on exercise performance 
in men. Additionally, the participants were engaging in a 
larger clinical trial, and as such had been instructed previ-
ously to work toward increasing their exercise behavior; thus 
it is possible that the confounding of time in the trial and 
the sequential change in the virtual reality conditions could 
have obscured results. However, the differential response of 
the more and less competitiveness subgroups is compelling, 
since both were given the same instruction at the start of the 
larger trial.
Future research replicating and extending this study 
could explore ways to use remote monitoring via the internet, 
to tailor individual feedback, and increase adherence with 
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of exercise modality.43 Studies could explore the broader 
physical activity identity of older adults,44 beyond their 
sense of competitiveness, and its role in influencing virtual 
reality-enhanced exercise behavior. Alternatively, physical 
activity preference (eg, to be alone or with others)45 may be 
another way to conceptualize the competitiveness measured 
herein, and could add to the prediction and enhancement 
of exercise effort. Similarly, since self-selection (vs 
assignment) to exergaming has been found to influence 
mood, it would be useful to clarify the possible moderating 
role of choice in exergaming.46 Given that an individual’s 
degree of intrinsic or extrinsic motivation for exercise can 
significantly influence exercise behavior and also how one 
responds to social facilitation,25 it would be interesting to 
measure motivation in future exergaming research. Since 
it is possible to influence one’s level of competitiveness 
through priming,23 a follow-up study could investigate 
whether such an influence carries through to the behavioral 
effect found herein. Additional research might explore the 
possible connection between social facilitation and the 
known importance of social reinforcement which has been 
shown to account for much of the variability in exercise 
behavior.47,48 Last, future research could compare and 
contrast the differential impacts of virtual and real social 
facilitation on exercise behaviors, while taking into account 
the role that competitive tendency may play.
Conclusion
In summary, over a 1-month period, 14 independent   living 
older adults using a virtual reality-enhanced stationary bike or 
“cybercycle” were exposed to virtual competitors; more com-
petitive participants were found to significantly increase exer-
cise effort compared with their less competitive   counterparts. 
Thus, the introduction of a competitive avatar did not 
adversely impact less competitive riders, but it did enhance 
the exercise effort of more competitive riders. More research 
is needed to identify alternative motivators that can increase 
the exercise effort of less competitive older adults. If repli-
cated, this finding suggests that the greatest exercise benefit 
might be achieved by matching the nature of an exergame 
experience to a rider’s level of competitive tendency, espe-
cially for more competitive riders.
Acknowledgments
This study was funded by a grant from the Pioneer Portfolio 
of the Robert Wood Johnson Foundation, through the Health 
Games Research national program (#64449); and by faculty 
and student grants from Union and Skidmore Colleges. 
We acknowledge important technical assistance from: Bruce 
Winkler and Ivjot Kholi from RA Sports, LLC for use of their 
NetAthalon cycling software and sensor kits, and Mark Mar-
tens regarding our pilot study of the FitClub riding software 
from Pantometrics. We greatly appreciate the participation of 
the residents and essential facilitation of the site administra-
tors from: Beltrone Living Center, Glen Eddy, High Pointe   
Apartments, Kingsway Village, Prestwick Chase, Schaf-
fer Heights, Wesley Health Care (Embury Apartments and 
Woodlawn Commons), and Westview Apartments. This 
research could not have been possible without the dedica-
tion of many research assistants; in particular, we would like 
to acknowledge: Lyndsay De Matteo, Ariele Gartenberg, 
Veronica Hopkins, Eric Hultquist, Dinesh Kommareddy, 
Darlene Landry, Shi Feng Lin, Molly Merz, Naoko 
Okuma, Mariale Renna, Tracey Rocha, Michelle Russo, 
Nick   Steward, Amanda Snyder, Sarah Westen, and Vadim 
Yerokhin. An earlier version of this data was presented at 
the 2010 Annual Meeting of the International Congress for 
Behavioral Medicine, in Washington, DC.
Disclosure
The authors report no conflicts of interest in this work.
References
  1.  Angevaren M, Aufdemkampe G, Verhaar HJ, Aleman A, Vanhees L. 
Physical activity and enhanced fitness to improve cognitive function in 
older people without known cognitive impairment. Cochrane Database 
Syst Rev. 2008;2:CD005381.
  2.  Colcombe S, Kramer AF. Fitness effects on the cognitive function of 
older adults: A meta-analytic study. Psychol Sci. 2003;14:125–130.
  3.  Mead GE, Morley W, Campbell, P, Greig CA, McMurdo M, 
Lawlor DA. Exercise for depression. Cochrane Database Syst Rev. 
2009;3:CD004366.
  4.  Chodzko-Zajko W, Proctor D, Skinner J, et al. American College of 
Sports Medicine position stand. Exercise and physical activity for older 
adults. Med Sci Sports Exerc. 2009;41:1510–1530.
  5.  Ekkekakis P, Backhouse SH, Gray C, Lind E. Walking is popular among 
adults but is it pleasant? A framework for clarifying the link between 
walking and affect as illustrated in two studies. Psychol Sport Exerc. 
2008;9:246–264.
  6.  Buman M, Yasova LD, Giacobbi P. Descriptive and narrative reports of 
barriers and motivators to physical activity in sedentary older adults. 
Psychol Sport Exerc. 2010;11:223–230.
  7.  Hall KS, McAuley E. Individual, social environmental and physical 
environmental barriers to achieving 10,000 steps per day among older 
women. Health Educ Res. 2010;25:478–488.
  8.  Lange BS, et al. The potential of virtual reality and gaming to assist 
successful aging with disability. Phys Med Rehabil Clin N Am. 2010; 
21:339–356.
  9.  Lieberman DA. Designing serious games for learning and health in 
informal and formal settings. In Ritterfeld U, Cody M, Vorderer P, 
  editors. Serious Games: Mechanisms and Effects. New York: Routledge; 
2009:117–130.
  10.  Van Schaik P, Blake J, Pernet, F, Spears I, Fencott C. Virtual augmented 
exercise gaming for older adults. CyberPsychol Behav. 2008;11: 
103–106.Clinical Interventions in Aging
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/clinical-interventions-in-aging-journal
Clinical Interventions in Aging is an international, peer-reviewed journal 
focusing on evidence-based reports on the value or lack thereof of treat-
ments intended to prevent or delay the onset of maladaptive correlates 
of aging in human beings. This journal is indexed on PubMed Central, 
MedLine, the American Chemical Society’s ‘Chemical Abstracts Ser-
vice’ (CAS), Scopus and the Elsevier Bibliographic databases. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.






  11.  Plante T, Coscarelli L, Ford M. Does exercising with another enhance 
the stress-reducing benefits of exercise? Intl J Stress Manag. 2001; 
8:201–213.
  12.  Allport FH. Social Psychology. New York: Houghton Mifflin; 1924.
  13.  Festinger LA. Theory of social comparison processes. Hum Relat. 1954; 
7:117–140.
  14.  Strauss B. Social facilitation in motor tasks: A review of research and 
theory. Psychol Sport Exerc. 2002;3:237.
  15.  Triplett N. The dynamogenic factors in pacemaking and competition. 
Am J Psychol. 1898;9:507–533.
  16.  Zajonc RB. Social facilitation. Science. 1965;149:269–274.
  17.  Rhea M, Landers D, Alvar B, Arent S. The effects of competition and 
the presence of an audience on weight lifting performance. J Strength 
Condit Res. 2003;17:303–306.
  18.  Plante T, Madden M, Man S, et al. Effects of perceived fitness level of 
exercise partner on intensity of exertion. J Soc Sci. 2010;6:50–54.
  19.  Thiessen DD. Population density, mouse genotype, and endo-
crine function in behavior. J Comparat Physiol Psychol. 1964;57: 
412–416.
  20.  Mason J, Brady J. The sensitivity of psycho endocrine system to 
social and physical environment. In Leiderman P, Shapiro D. editors. 
Psycholo-Biological Approaches to Social Behavior. Stanford, CA: 
Stanford University Press; 1964.
  21.  Edwards T, Hardy L. The interactive effects of intensity and direction 
of cognitive and somatic anxiety and self-confidence upon performance. 
J Sport Exerc Psychol. 1996;18:296–232.
  22.  Bond C, Titus L. Social Facilitation: a meta-analysis of 241 studies. 
Psychol Bull. 1982;94:265–292.
  23.  Sambolec EJ, Kerr NL, Messé LA. The role of competitiveness at social 
tasks: can indirect cues enhance performance? J Appl Sport Psychol. 
2007;19:160–172.
  24.  Van Lange P, Otten W, De Bruin E, Joireman J. Development of 
prosocial, individualistic, and competitive orientations: theory and 
preliminary evidence. J Pers Soc Psychol. 1997;73:733–746.
  25.  Frederick-Recascino C, Schuster-Smith H. Competition and intrinsic 
motivation in physical activity: A comparison of two groups. J Sport 
Behav. 2003;3:240–254.
  26.  Song H, Kim J, Tenzek KE, Lee KM. Intrinsic motivation in exergames: 
competition, competitiveness, and the conditional indirect effect of 
presence (TOP 2 Faculty Paper). 2010. Paper presented at: International 
Communication Association, June 21, 2010; Suntec City, Singapore. 
Available at: http://www.allacademic.com/meta/p405150_index.html. 
Accessed on October 3, 2011.
  27.  Kerr N, Messé L, Seok D, Sambolec E, Lount R, Park E. Psychological 
mechanisms underlying the Köhler motivation gain. Pers Soc Psychol 
Bull. 2007;33:828–841.
  28.  Annesi JJ, Mazas J. Effects of virtual reality-enhanced exercise 
equipment on adherence and exercise-induced feeling. Percept Motor 
Skills. 1997;85:835.
  29.  McAuley E, Talbot H, Martinez S. Manipulating self-efficacy in the 
exercise environment in women: influences on affective responses. 
Health Psychol. 1999;18:288–294.
  30.  Plante TG, Cage C, Clements S, Stover A. Psychological benefits 
of exercise paired with virtual reality: outdoor exercise energizes 
whereas indoor virtual exercise relaxes. Int J Stress Manag. 2006;13: 
108–117.
  31.  Rhodes R, Warburton D, Bredin S. Predicting the effect of interactive 
video bikes on exercise adherence: an efficacy trial. Psychol Health 
Med. 2009;14:631–640.
  32.  Warburton DR, Bredin SD, Horita LL, et al. The health benefits of 
interactive videogame exercise. Appl Physio Nutr Metab. 2007;32: 
655–663.
  33.  Timpka T, Graspemo G, Hassling L, Nordfeldt S, Eriksson H. 
Towards integration of computer games in interactive health   education 
environments: understanding gameplay challenge, narrative, and 
  spectacle. Stud Health Technol Inform. 2004;107:941–945.
  34.  Anderson-Hanley C, Arciero P, Brickman A, et al. Exergaming Improves 
Older Adult Cognition: A Cluster Randomized Clinical Trial. Am J Prev 
Med. 2012;42(2): in press.
  35.  Ravaja N, Saari T, Turpeinen M, Laarni J, Salminen M, Kivikangas M. 
Spatial presence and emotions during videogame playing: does it   matter 
with whom you play? Presence Teleoperators Virt Environ. 2005; 
4:381–392.
  36.  Smither RD, Houston JM. The nature of competitiveness: the 
development and validation of the Competitiveness Index. Educ Psychol 
Meas. 1992;52:407–418.
  37.  Chuang T, Sung W, Chang H, Wang R. Effect of a virtual reality-
enhanced exercise protocol after coronary artery bypass grafting. Phys 
Ther. 2006;86:1369–1377.
  38.  Feltz D, Kerr N, Irwin B. Buddy up: the Köhler effect applied to health 
games. J Sport Exerc Psychol. 2011;33:506–526.
  39.  Plante TG, Aldridge A, Bogden R, Hanelin C. Might virtual reality 
promote the mood benefits of exercise? Comput Hum Behav. 2003;19: 
495–509.
  40.  Ginis K, Jung M, Gauvin L. To see or not to see: effects of exercising 
in mirrored environments on sedentary women’s feeling states and 
self-efficacy. Health Psychol. 2003;22:354–361.
  41.  Allmendinger K. Social presence in synchronous virtual learning 
situations: The role of nonverbal signals displayed by avatars. Educ 
Psychol Rev. 2010;22:41–56.
  42.  Jin S, Park N. Parasocial interaction with my avatar: effects of 
interdependent self-construal and the mediating role of self-presence 
in an avatar-based console game, Wii. CyberPsychol Behav. 2009;12: 
723–727.
  43.  Cousins S. Grounding theory in self-referent thinking: conceptualizing 
motivation for older adult physical activity. Psychol Sport Exerc. 
2003;4:81–100.
  44.  Nigg CR. Technology’s influence on physical activity and exercise 
  science: the present and the future. Psychol Sport Exerc. 2003;4:57.
  45.  Strachan SM, Brawley LR, Spink K, Glazebrook K. Older adults’ 
physically-active identity: relationships between social cognitions, 
physical activity and satisfaction with life. Psychol Sport Exerc. 2010; 
11:114–121.
  46.  Wilson KS, Spink KS. Social influence and physical activity in older 
females: does activity preference matter? Psychol Sport Exerc. 2009; 
10:481–488.
  47.  Legrand FD, Joly PM, Bertucci WM, Soudain-Pineau MA, Marcel J. 
Interactive-Virtual Reality (IVR) exercise: an examination of in-task 
and pre-to-post exercise affective changes. J Appl Sport Psychol. 2011; 
23:65–75.
  48.  Cousins S. Exercise cognition among elderly women. J Appl Sport 
Psychol. 1996;8:131–145.